The HPS-1 gene is the first gene found to be responsible for the autosomal recessive disorder Hermansky-Pudlak syndrome (HPS). HPS is characterized by oculocutaneous albinism, a platelet storage pool deficiency, and ceroid lipofuscinosis. The HPS-1 gene has been mapped to chromosome 10q23.1-23.3 and encodes a 79-kDa protein of unknown function with no homology to any known protein. A sequence database search has revealed that a portion of clone HS1119A7 shows high sequence similarity to HPS-1 cDNA. By performing sequence alignments and PCR amplification of cDNA from several human tissues, we have shown that part of this clone consists of an unprocessed partial HPS-1 pseudogene located on chromosome 22q12.2-12.3. The pseudogene contains several intact HPS-1 exons and shows 95% sequence homology to the HPS-1 cDNA. Exon 6 of the pseudogene has 100% sequence homology to exon 6 of HPS-1 itself. In the pseudogene, this exon is surrounded by portions of both its normal flanking introns. These data provide the first characterization of an HPS-1 pseudogene, called HPS1-ψ1. During amplification of exon 6 of the HPS-1 gDNA for mutation identification, the pseudogene might also be amplified, leading to a false positive for mutation. In addition, amplification of specific parts of the HPS-1 cDNA (e.g., exons 2-5) for mutation detection might lead to false positives for mutations, if the cDNA is contaminated with gDNA. This calls for caution when employing these screening approaches.
Introduction
Hermansky-Pudlak syndrome (HPS; MIM no. 20330 ) is an autosomal recessive disorder characterized by oculocutaneous albinism, a platelet storage pool deficiency, and ceroid lipofuscinosis (Hermansky and Pudlak 1959; King et al. 1995) . Although rare in the general population, HPS occurs in northwest Puerto Rico with a prevalence of 1 in 1800 (Witkop et al. 1990 ). HPS-1 was the first gene found to be responsible for HPS (Oh et al. 1996) . The gene, located on chromosome 10q23.1-23.3 (Fukai et al. 1995; Wildenberg et al. 1995) , produces a 3.6-kb transcript that codes for a 700-amino-acid peptide and is ubiquitously expressed (Oh et al. 1996; Bailin et al. 1997 ). An alternate 1.5-kb transcript codes for a 324-amino-acid peptide and is expressed only in bone marrow and melanoma cells (Wildenberg et al. 1998) . Several mutations in HPS-1 have been reported, including a 16-bp duplication within exon 15 found exclusively in patients from northwest Puerto Rico (Oh et al. 1996 (Oh et al. , 1998 Gahl et al. 1998; Oetting and King 1999) . A number of polymorphisms have also been reported for HPS-1 (Oetting and King 1999) .
The function of the HPS protein is unknown, and its sequence shows no homology to any known protein.
A database search for sequence similarities of HPS-1 has revealed a human clone with an extremely high sequence similarity. We have characterized this clone and found it to be an unprocessed partial pseudogene of HPS-1, HPS1-ψ1, located on chromosome 22q12.2-12.3 and containing several intact HPS-1 exons. Recognition of the existence of this pseudogene may help prevent misinterpretation of mutation analyses in Hermansky-Pudlak syndrome patients.
Materials and methods

Database screening
Sequence homology searches were performed by means of BLAST (basic local alignment search tool) computer-based analyses, made available through the National Center for Biotechnology Information (Altschul et al. 1990 (Altschul et al. , 1997 .
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The sequences of the primers used for polymerase chain reaction (PCR) amplifications were: Ex2F (nt 154-175 on HPS-1) 5'-TGCAGCCCTTTCTGAACCTCTG-3'; Ex5F (nt 464-484) 5'-TGGAGAATGCCTGTTCATTGC-3'; Ex5R (nt 489-470) 5'-TGATGGCAATGAACAGGCAT-3'; Ex6R (nt 673-654): 5'-TAGGTCCACAGCAGGCTCTG-3'. PCR amplifications were performed in 50-µl reactions containing 1.5 mM MgCl 2 , 10 mM TRIS-HCl pH 8.3, 50 mM KCl, 200 µM each dNTP, 0.2 µM each primer, 50-100 ng DNA, and 2.5 U Platinum Taq DNA polymerase (Gibco BRL, Rockville, Md.). PCR cycling consisted of an initial denaturation step at 96°C for 4 min, followed by 35 cycles each with a denaturing step at 94°C for 40 s, an annealing step at 53°C for 40 s, and an extension step at 72°C for 2 min. Amplification cycles were followed by an elongation step at 72°C for 10 min. The PCR products were electrophoresed in 1% Agarose and were stained with ethidium bromide.
For sequencing, PCR products were purified from agarose gels by using the GeneClean II kit (Bio101, Vista, Calif.). Sequencing reactions were performed by the Applied Biosystems BigDye Terminator Cycle Sequencing Ready Reaction Kit according to the manufacturor's guidelines (PE Applied Biosystems, Foster City, Calif.). Reaction products were ethanol-precipitated, resuspended in formamide-loading buffer, and electrophoresed on an ABI 377 automated sequencer.
Tissue and chromosome screening
Multiple tissue cDNA screening was performed by using Human Multiple Tissue cDNA (MTC) Panel I (Clontech, Palo Alto, Calif.), containing eight normalized first-strand cDNA preparations derived from various adult human tissues. For screening the gDNA of separate chromosomes, we employed the NIGMS Human Somatic Cell Hybrid Panel no. 2 (Coriell Cell Repositories, Camden, N.J.). "Total" cDNA and gDNA consisted of control DNA that contained all the human chromosomes and was provided with the panels.
Results
A BLAST database search for sequence similarity to the HPS-1 cDNA sequence (GenBank accession no. HSU65676) identified clone HS1119A7 (GenBank accession no. AL022313) with high sequence similarity to portions of HPS-1. This clone was generated from part of bacterial clone contigs of human chromosome 22, constructed by the Sanger Centre Chromosome 22 Mapping Group (http://www.sanger.ac.uk/HGP/Chr22). Clone HS1119A7 was assigned by the Sanger Centre to chromosomal location 22q12.2-12.3.
As shown in Fig. 1 , the part of the clone overlapping HPS-1 is 3208 bp in length and starts with the last 10 bp of the intron 1 sequence, followed by a sequence similar to HPS-1 cDNA extending from nt 102 in exon 2 through nt 542 in exon 5. This region is further referred to as stretch 1. After stretch 1, the clone has a 508-bp sequence that is similar to the last portion of HPS-1 intron 5. The next region in the clone (referred to as stretch 2) contains the complete exon 6 sequence (nt 606-713). The sequence of the clone after stretch 2 is similar to the first 2137 bp of HPS-1 intron 6.
In order to define the "breakpoints" in introns 1, 5, and 6 of the pseudogene, we completely sequenced these HPS-1 introns. Intron 1 was 1396 bp long (GenBank accession no. AF200628). The pseudogene sequence contained the last 10 bp of the HPS-1 intron 1 sequence (i.e., nt 1387-1396 of intron 1). Intron 5 appeared to be 1180 bp in length (GenBank accession no. AF200629). The last 509 bp of intron 5 (i.e., nt 673-1181 of intron 5) were pre-371 Fig. 1 Organization of the HPS-1 gene and its pseudogene HPS1-ψ1 (GenBank accession no. AF201372). PCR-primers Ex5F and Ex6R are indicated. The nucleotide numbering of the HPS-1 cDNA is according to that for GenBank accession no. HSU65676. The nucleotide numbering of HPS1-ψ1 is according to that for clone HS1119A7 (GenBank accession no. AL022313), to show the organization of the pseudogene within this clone sent in the pseudogene. Intron 6 is 2688 bp long (GenBank accession no. AF200630). The first 2137 bp of this intron are present in the pseudogene. Table 1 lists all the nucleotide differences between HPS-1 and the pseudogene in the coding region.
The presence or absence of the HPS-1 pseudogene can be determined by performing PCR amplification with a forward primer in exon 5 (Ex5F) and a reverse primer in exon 6 (Ex6R). The presence of HPS-1 cDNA results in a 210-bp band, whereas the presence of the pseudogene results in a 656-bp band (see Figs. 1, 2) . The Ex5F-Ex6R PCR products were determined for a panel of eight normalized first-strand cDNA preparations derived from various adult human tissues, together with cDNA derived from fibroblasts and total cDNA ( Fig. 2A) . All revealed only the 210-bp HPS-1 cDNA band, which was confirmed by sequencing. Therefore, only the HPS-1 gene was expressed in these tissues; the pseudogene was not processed. In contrast, the Ex5F-Ex6R PCR products of human fibroblast gDNA and chromosome 22 gDNA included the 656-bp band of the pseudogene (Fig. 2A) . The PCR product of chromosome 10 yielded no significant band, because the HPS-1 gDNA between the primers was too large to be amplified. The extra bands amplified for pancreas and skeletal muscle are nonspecific PCR products, as determined by sequencing. Figure 2B shows an example of misinterpreted mutation-detection results. The PCR amplification in Fig. 2B was performed on both cDNA and gDNA with primers Ex2F and Ex5R. With cDNA, a 336-bp band representing the HPS-1 gene was produced. With gDNA, a 336-bp band was also produced, but this band represented the pseudogene sequence on chromosome 22, as confirmed by sequencing. The PCR product of the HPS-1 gene itself is too large (~ 9.3 kb) to be amplified by using these primers.
Discussion
This study presents the structure of a partial unprocessed HPS-1 pseudogene, which we denote as HPS1-ψ1 (GenBank accession no. AF201372). HPS1-ψ1 is not expressed in the nine different human tissues examined, has 372 Fig. 2A , B PCR amplification of HPS-1 and its pseudogene HPS1-ψ1. A Products of PCR amplification with primers Ex5F-Ex6R, yielding a 210-bp product for the HPS-1 cDNA and a 656-bp product for the pseudogene (arrowheads). Amplification products are shown for eight different human tissue cDNAs, and "total" cDNA and gDNA (i.e., DNA from cells containing all the human chromosomes), chromosome-10-specific gDNA, and chromosome-22-specific gDNA. B Products of PCR amplification of gDNA and cDNA with primers Ex2F-Ex5R, yielding a 336-bp product for both cDNA and gDNA (arrowhead) sequence similarities to two stretches of the HPS-1 cDNA, and contains three partial intron sequences. The pseudogene spans portions of the HPS-1 gene (Fig. 1) . The portion spanning exons 2-4 and part of exon 5 (referred to as stretch 1) contains a sequence in the coding region that differs from the corresponding region of HPS-1 (Table 1) . Stretch 1 of the pseudogene, which is composed of 444 nucleotides, has apparently accumulated 28 random point mutations, resulting in 93.7% homology of stretch 1 to HPS-1. In contrast, stretch 2 in the pseudogene exhibits 100% sequence homology to HPS-1 exon 6. This might be explained by the finding that exon 6 of the pseudogene is surrounded by substantial portions of its original introns, so that the fidelity of its sequence is protected by standard DNA repair mechanisms. In general, transcriptionally active genes are repaired preferentially compared with nontranscribed genes such as a pseudogene, whose repair rate resembles that of the rest of the genome (Leadon and Snowden 1988) . Presumably, a combination of factors, including the RNA polymerase, type of repair apparatus, and genomic structure, contribute to determining the repair rate and fidelity of genomic sequences.
In searching for the mechanism of the formation of this pseudogene, we have looked for transposable elements flanking the pseudogene (Hernandez et al. 1999 ). An Alu repeat exists 160 bp upstream of the 5' border of the pseudogene, and another Alu repeat lies 157 bp downstream of the 3' border. These sequences, together with an Alu repeat and MER3, MER5, and MER33 repeats in intron 6, may play some undetermined role in the formation of this pseudogene.
To date, all reported HPS-1 mutations have occurred in the gene itself, not in the pseudogene. This will continue to be the case as long as mutation detection for HPS-1 is performed as described by Bailin et al. (1997) , with PCR amplification of every exon separately and by using primers in the introns. With this method, the pseudogene will not be amplified. Particular attention should be paid when amplifying exon 6 with primers in its surrounding introns. The primers described by Bailin et al. (1997) involve a region with a high rate of mismatch between the pseudogene and the functional gene and allow the amplification of only the functional HPS-1 exon without any "contaminating" sequences of the pseudogene. This should be kept in mind when designing custom primers for specific mutation detection of exon 6. Mutation analysis at the cDNA level might be complicated by PCR coamplification of pseudogene sequences. When screening with a cDNA primer-pair spanning exons 2-5 (nt 102-542) or exon 6 (nt 606-713), and if the cDNA is contaminated with gDNA, the pseudogene will be amplified as well. This may lead to false positive results of mutation analysis for HPS-1 and calls for caution when employing such screening approaches.
